We present the first sample of quasi-stellar objects (QSOs) behind the southern satellite galaxies of the Milky Way. These objects were sought for use as unresolved, inertial reference objects in proper motion studies of the Fornax, Carina and Sculptor dwarf spheroidal galaxies and the Small Magellanic Cloud (SMC). At least four new QSOs are presented behind each of the dwarf spheroidal galaxies and a further eight are presented behind the SMC. The majority of these QSOs have been identified as the optical counterparts to ROSAT X-ray sources. In the forthcoming 8-m telescope era, these objects may also represent useful probes of the interstellar media of these dwarf galaxies.
INTRODUCTION
Advances in CCD astrometry from the ground have demonstrated the feasibility of milliarcsecond (mas) precision relative astrometry at faint magnitudes (Tinney 1995a) . This means that short-term observing programmes (5-10 yr) can now measure proper motions as small as 0.1 mas yr-1 for faint targets. This is precisely the sort of precision required to measure the absolute space motions of the Milky Way (MW) satellite galaxies.
Such an observing programme, however, requires unresolved, background reference objects -i.e., quasistellar objects (QSOs). Unfortunately, very few QSOs suitable for this purpose exists in the literature. A search of the southern satellites [using the SIMBAD data base, the NASA Extragalactic Database, the QSO catalogue of Hewitt & Burbidge (1994) and the 6th edition of the Catalogue of Quasars and Active Galactic Nucleii of Veron-Cetty & Veron (1993) ] reveals two useful QSOs behind the Small Magellanic Cloud (SMC), one useful QSO behind the Carina dwarf spheroidal (dSph) galaxy, five QSOs behind the Sculptor dSph (of which only three are close enough to the galaxy to be useful for astrometry -one of those is an earlier result of the work reported here, while another was independently discovered in the course of this study), and two useful QSOs behind the Fornax dSph (also an early result of this study). These small numbers are not really *E-mail: cgt@aaoepp.aao.gov.au © 1997 RAS surprising, given that an unbiased QSO survey would logically seek to avoid such large sources of foreground confusion. We have therefore been carrying out an observational search for reference QSOs behind the SMC and the Sculptor, Fornax and Carina dSph galaxies.
It is worth noting that only one QSO can be observed in the small fields of view accessible to high-precision CCD astrometry (~1-2 arcmin). The proper motion of the target galaxy would therefore be measured via the reflex motion of each single QSO, relative to the foreground stars of the galaxy. Multiple QSOs for each galaxy will provide independent proper motion estimates. For the dSph galaxies, internal proper motions are a factor of 10 smaller than their expected bulk motions, so multiple QSOs will increase the precision of the average proper motion estimate. For the SMC, multiple QSOs are necessary to allow a solution for both rotation and bulk motion.
OBSERVATIONS

Strategy
Because the aim of this programme is to find as many QSOs as possible (using as little telescope time as possible), rather than identifying a homogenous or complete sample, a variety of techniques have been used in parallel.
First, we obtained COSMOS scans of the available UKST plates covering the Sculptor, Fornax and Carina dSphs. In each case, at least one U-band plate was available, making it possible to select ultraviolet-excess (UV-excess) candidate objects for further spectroscopy based on these data alone. However, it became clear that CCD imaging would also be required, (1) to calibrate the plate data, (2) to identify UVexcess objects in the crowded inner regions of our target galaxies where the plate data were confused, and (3) to identify CCD UV -excess candidates in the SMC where no plate data were available.
Secondly, we obtained the results of deep ROSAT observations of the Fornax, Sculptor and Carina dSphs, and of two fields in the SMC. Campaigns of optical source identification for such ROSAT data sets have shown that ~ 60 per cent of these ROSAT sources are QSOs at B ~ 19-21.5 (Shanks et al. 1991) . We set out to identify the optical counterparts to as many of these X-ray sources as possible, using optical spectroscopy. In some cases, candidates for spectroscopy could be selected using the plate data along. In other cases, further CCD imaging was required to identify suitable candidates. In every case where CCD imaging data were acquired (either for plate calibration, or for the identification of ROSAT sources), the data were searched for serendipitous UV-excess objects in the field of view. These objects were also added to our spectroscopic candidate list.
Lastly, the catalogues used in our initial literature search were also searched for optically unidentified radio sources. Optical identifications of these objects were sought using the same techniques as for the ROSAT data. Table 1 lists the UKST plates used in this study. All were scanned on the COSMOS scanning machine at the Royal Observatory, Edinburgh. The data were calibrated on to the relevant photometric systems using subsets of the CCD imaging data described below.
Imaging
UKST photographic plates
CCD data
CCD imaging observations were carried out on the telescopes listed below. All of these data were reduced with the DoPHOT package (Schecter, Mateo & Saha 1993) , using UBVRl standards due to Landolt (1992) . Extinction coefficients were either measured on each night, or the measures obtained by the Geneva Observatory's photometric monitoring programme at La Silla were used.
ESO 3.5-m NTT. Imaging data in the UBVRl bands were acqauired on the nights of 1993 September 24-26, 1994 February 4-5, 1994 September 28 and 1995 February 1-3 (UT), using the EFOSC2 instrument.
ESO 3.6-m telescope. Imaging data in the U and B bands were acquired on the nights of 1994 July 13-15 (UT), using the EFOSC1 instrument.
Danish/ESO 1.54-m telescope. Imaging data in the U and B bands were acquired on the nights of 1994 October 25-28 (UT), using the direct-imaging camera.
3.6-m AAT. Imaging data in the Band R bands were acquired on the nights of 1993 February 28 and March 1 (UT), using the prime-focus CCD camera through the AAO CCD Service Imaging Program.
ROSAT data
The deep ROSAT observations used in this study are listed in Table 2 . They were all made with the position-sensitive proportional counter (PSPC) in the 0.1-2.4 keY band, which has a field of view of 57 -arcmin radius. All of the data were processed using the Standard Analysis Software System (SASS) . The SMC data were obtained as part of a large study of the X-ray properties of the SMC, from which we were kindly provided data for the two least crowded fields (Fields Xl and C; W. Pietsch & P. Kahabka, private communication). The Fornax data were acquired by Gizis, Mould & Djorgovski (1994) in a search for low-mass X-ray binaries (LMXBs). The Sculptor and Carina data were acquired by Zinnecker (1994) in a similar LMXB search and are presented here for the first time -a list of the SASS sources in these fields is presented in Table 3 . A total of 30 discrete sources were detected by SASS in Sculptor, and 29 in Carina. However, three pairs of these sources were coincident to within less than a pixel, and almost certainly represent single sources. These duplicates have been deleted from the table.
The positions given have 90 per cent confidence radii of approximately 20 arcsec, degrading towards the edge of the field of view (Hasinger et al. 1992) . The 'Counts/lOOOs' column in Table 3 gives the maximum-likelihood count rate (and 10" uncertainties) produced by the SASS software in the 0.1-2.4 keY band; except for those objects marked with a colon, the quoted fluxes for which are SASS upper limits. The column labelled 'HRl' gives the hardness ratio provided by SASS, which is a measure of the spectral slope across the PSPC band. The ratio is defined as Chen (1985) . (c) QSO 0100 -345, Savage et al. (1984) . ( Table 5 and Section 3.1. (k) The ROSAT source is tentatively associated with this z=0.67 QSO -see Table 5 .
where B are the counts in the 0.1-0.4 ke V band, and A are the counts in the 0.4-2.4 keY band. Four of the Sculptor sources can be plausibly identified with known QSOs, while a further Sculptor source is positionally coincident with the radio source PKS 0057-338, for which there is no established optical counterpart. No known QSOs could be identified with any of the Carina ROSAT sources; however, two sources are positionally coincident with the bright stars HD 48652 and 48465 (classified F2V and F5V, respectively, in Houk 1978) , which are considered to be likely identifications. Approximately one-third of the rest of the sources have been identified as QSOs or emission-line galaxies by our spectroscopic programme (see below), although a number of fields still lack spectral data.
Spectroscopic observations
Spectroscopic observations are essential to confirm the nature of our ROSAT and UV-excess candidates. The observational details of our spectroscopic programme are summarized in Table 4 , which shows the telescope and © 1997 RAS, MNRAS 285,111-124 Fig. 1 . Uncertainties represent the scatter about the mean. Redshifts without uncertainties come from the literature.
C Data marked with a colon (:) are photographic measures and have uncertainties of ± 0.3 mag. The rest of the data are CCD photometry ~see Section 2.2.2) and are good to better than ± 0.1 mag.
'R' is the distance (in arcmin) between each QSO and the centre of the dSph. This column is left blank for the SMC QSOs, which all lie well within the SMC's projected area on the sky. The adopted centers for Sculptor (Eskridge 1988a) , Fomax (Eskridge 1988b) , and Carina (Demers, Beland & Kunkel 1983) are shown in the table, along with estimates of their core radii.
<References to other published redshifts: (1) Zinnecker (1994) ; (2) Wilkes et aI. (1983) ; (3) Azzopardi (1985) ; (4) Tinney (1995b) ; (5) Mills et al. (1982) ; (6) Chen (1985) ; (7) Savage et al. (1984) ; (8) Kunth & Sarjent (1986) ; (9) Cristiani et al. (1995) . 'The QSO is blended (presumably with a foreground star) at the resolution of the CCD or COSMOS data. Consequently, the quoted photometry is poor. 8 A high-redshift compact galaxy, which was barely resolved in 1.29-arcsec seeing.
hThis object serendipitously fell on the spectrograph slit, when it was aligned along the two bluest objects within the ROSAT error circle. However, with a separation from the ROSAT position of only 23 arcsec, the association between the X-ray source and optical QSO is still plausible.
'This object (which lies 46 arcsec from the ROSATposition) was placed on the spectrograph slit along with a much 'better' (U -B = -1.05), though much fainter, candidate only 3 arcsec from the ROSAT position. Only this brighter object was detected. However, the large separation makes its identification with the ROSAT source uncertain. j A ROSAT All Sky Survey flux for this object is given by Kahabka & Pietsch (1992) . k An emission-line galaxy resolved in 1.7-arcsec seeing to have dimensions 2.19 x 2.07 arcse~ (major x minor axis). {This extremely blue emission-line galaxy lies 40 arcsec to the NW of the ROSAT position, so its identification with the ROSAT source is uncertain. See also Section 3.1. m A compact galaxy resolved in 1.45-arcsec seeing to have dimensions 1.72 x 1.68 arcsec 2 (major x minor axis). n The redshift for this QSO is based on the assumption that the single line seen is Mg II.
o Seyfert I galaxy. This galaxy is positionally coincident with the optically unidentified lRAS source F06384 -5122. instrument combinations used, and the resulting wavelength ranges and instrumental resolutions achieved. Slit widths between 1 and 2 arcsec were typically used, and exposure times were typically between 15 min and 1 h. The resulting spectra are shown in Fig. 1 . As the main aim of this programme was to establish whether or not a given object is a QSO, excellent flux calibration was not a priority. In particular, the slits used did not collect all the light from the seeing disc, and the slit was not normally aligned with the parallactic angle -the resulting flux calibration is good to -10 per cent longwards of ~ 4000 A. No corrections were made for atmospheric absorption.
3 RESULTS Table 5 presents the major results of this observational programme. It summarizes the QSOs and AGN we have identified to date, along with those objects previously identified by others. The designations of the objects indicate whether they were observed to be resolved ('GJ') or unresolved ('QJ'). The absolute B magnitudes were calculated using the K-corrections of Cristiani & Vio (1990) and assuming Hu=50 km S-I Mpc-I and qu=0.5. The 'Source' column of the table shows how the QSO was identified: the SCL-R-, SMC-X1-R-, SMC-C-R-, FOR-R-and CAR-R-designations indicate that the object is coincident with a ROSAT source from the relevant field, with the following number giving the object's source number as produced in the SASS extraction lists (Table 3 ; Gizis et al. 1994 , table 1); the COSMOS UV and CCD UV sources were identified as UV-excess candidates based on either UKST plate or CCD data, respectively; the PKS and MC4 sources are the optical counterparts to radio sources; and Q0642 -5038 was identified in a photographic prism study by Azzopardi (1985) . The 'FC' column indicates whether a finding chart is provided in Fig. 2 -only objects too faint, or too confused, to be unambiguously identified in the Digital Sky Survey are shown. The 'Set.' column indicates which of the instrumental set-ups of Table 4 was used to obtain the spectra. In all, Table 5 contains 36 entries, 27 of which are QSOs or AGN identified as the optical counterparts to ROSAT sources by this study. The remaining nine objects were identified by radio source identification (one), as Schmidt plate UV-excess sources (two), as a CCD UV-excess source (one), or were QSOs identified prior to this programme (five, of which two are also ROSAT sources). Fig. 3 shows a plot of X-ray luminosity versus B-band luminosity for the QSOs and AGN in Table 5 with published X-ray fluxes (Gizis et al. 1994 ; this paper). The conversion of observed counts to X-ray fluxes has been carried out in the band 0.4-2.0 ke V for an assumed power-law slope of -1, assuming Ho=50 km S-I Mpc-I and Qo=O.5 (Barcons et al. 1994) . The solid line is the mean ratio Lx/LB = 1.2 ± 0.4. The figure clearly shows that at least these identifications are reasonable -i.e., the optical to Xray luminosity ratios are consistent with those expected for QSOs/AGN (Stocke et al. 1991) .
To be useful as reference objects for high-precision CCD astrometry, each QSO must be (a) unresolved and (b) sufficiently close to the centre of the target galaxy that at least four or five stars from the target galaxy will appear in an area of ~ 4 arcmin 2 centred on the QSO. The 'GJ' objects in Table 4 have been observed to be resolved in 1-1.5-arcsec seeing, and so are probably not useful for CCD astrometry. However, they may be useful for determining absolute motions from photographic plate material on which these objects are not resolved.
It should be noted that the radius at which the surface density of stars falls to 1 arcmin -2 (hereafter R1) is somewhat larger than the Rc values shown in the table. For Fornax and Sculptor (where good density data are available), RI/Rc = 2.2-2.5 at a magnitude limit of V ~ 20 (Eskridge 1988a, b) . This means that at least four QSOs in Table  5 with available X-ray fluxes.
each of the dSph galaxies will be suitable for use as reference objects for CCD astrometry; once again, the remaining objects may be useful to astrometrists using photographic plates, which have a much larger field of view. between the absorption-line system and the emission-line system corresponds to a velocity difference of 12 700 km S-I at the redshift of the QSO. QJ0100-3340. This object is blended with a foreground star -the QSO is the more northerly object of the two.
Notes on individual objects
QJ010l-3347. This object is close (~3 arcsec) to a foreground star -the QSO is the more northerly object of the two.
QJ0240 -3434A/B. This pair of QSOs was identified by Tinney (1995b) -it may be a gravitational lens.
GJ0641-5059. This object exhibits a very high-excitation narrow-line spectrum. All the lines in the blue (2 < 5500 A),
where the resolution for the spectrum on this object is highest, are unresolved at a width of ~ 200 km S-I. 1986) , and implies that the ionization is due to an unusually large number of early O-type stars. Given this interpretation of the object (as ionized by stars rather than a continuum source), the association of the emission-line galaxy with the ROSAT source seems unlikely.
CONCLUSION
We have carried out a search for QSOs suitable for use as inertial astrometric reference objects behind the Sculptor, Fornax, and Carina dSphs and the SMC. To date, four QSOs suitable for use in high-precision CCD astrometry have been discovered behind each of our target dSph galaxies. A further eight QSOs have been discovered behind the SMC, bringing the total known behind the SMC to 10.
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